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FLIGHT INVESTIGATION ON A FIGHTER-TYPE AIRPLANE OF FACTORS WHICH AFFECT 
.THE LOADS AND LOAD DISTRIBUTIONS ON THE VERTICAL TAIL SURFACES DURING 

RUDDER KICKS AND FISHTAILS 
By JOHN BOSHAR 

SUMMARY 

Results are presented of asight investigation conducted on a 
fighter-type airplane to determine the factors which a$ect the 
loads and load distributions on the vertical tail surfaces in 
maneuvers. An analysis is made of the data obtained in 
steady jligh t, rudder kicks, and $shtail maneuvers. 

For the rudder kicks, the signi$can.t loads were the LLde$ection 
load” resulting from an abrupt control dejlection and the “dy- 
namic load” consisting of a load corresponding to the new static 
equilibrium condition for the rudder defEected plus a load due 
to a transient overshoot. The dejlection load is proportional 
to the angular acceleration which in turn is dependent upon 
the rate and amount of control deJEection and upon the direc- 
tional response characteristics of the airplane. The dynamic 
load had an angular acceleration load superposed on it as a 
result oj the rudder being reversed at the time of maximum 
sideslip. The critical loads on the rudder were associated 
with the dejlection load, and those on theJin, with the dynamic 
load. 

tail are more critical in maneuvers than in steady-flight 
conditions. For instance, in reference 4, critical vertical- 
tail loads in roll.ing pull-out maneuvers were shown to be 
related to the ratio of aileron power and the static 
directional-stability derivative of the airplane; whereas, in 
reference 5 the dynamic loads in abrupt rudder kicks or in 
fishtail maneuvers were shown to reach high values. For 
some time, therefore, there has existed a need for a 
systematic flight investigation to evaluate the factors which 
influence the vertical-tail loads. 

The purpose of the present paper is to present the results 
of a flight investigation of the factors which affect the loads 
and the load distributions on the vertical tail surfaces in 
rudder kicks and fishtail maneuvers. An attempt has been 
made to isolate the effects of power, of speed, of initial side- 
slip, and of rate, amount, and direction of control deflection. 
Emphasis has been placed upon the presentation of the 
experimental results in the light of theoretical considerations. 

SYMBOLS 
The minimum time to reach the maximum control de$ection 

attainable by the pilot in any sight condition was found to be a 
constant. 

In the$shtail maneuvers, it was found that the pilot tends to 
dejlect the rudder in phase with the natural -frequency of the 
airplane. At the condition of resonance the load on the Jin 
and that on the rudder are approximately 00” out of phase. 
The maximum loads measured in Jishtails were of the same 
order of magnitude as those from a rudder kick in which the 
rudder is returned to zero at the time of maximum sideslip. 

rudder deflection angle, degrees 
maximum rate of rudder deflection, degrees per 

second 
elevator deflection angle, degrees 
sideslip angle, degrees 
pedal force, pounds 
normal force on vertical tail, pounds 

INTRODUCTION 

The problem of evolving methods for designing the tail 
surfaces of fighter-type airplanes for the dynamic effects 
which occur in maneuvers has received much attention in 
recent years. In the case of the horizontal tail, methods by 
which the loads may be determined for an arbitrary type 
of elevator motion have been introduced (references 1 and 2) 
and the type of control deflection to be assumed in design 
has been specified (reference 3). 

NT normal force on rudder, pounds 
Nf normal force on fin, pounds 
Nut first load peak on vertical tail, pounds 
NT1 first load peak on rudder, pounds 
% first load peak on fin, pounds 
NE, second load peak on vertical tail, pounds 
Nr; second load peak on rudder, pounds 
Nf2 second load peik on fin, pounds 
G, normal-force coefficient on vertical tail (NJqS,) 
% normal-force coefficient on rudder (N,./qS,) 
c N/ normal-force coefficient on fin (N,/qS,) 

With the foregoing symbols, the prefix A represents an 
In the case of the vertical tail, however, the current design increment; for maneuvers, it indicates the maximum incre- 

specifications consider only steady-state conditions for loads ment measured from the initial steady-flight value; for 
associated with a specified steady yaw or a specified rudder steady sideslip, it represents an increment measured from 
angle. Indications have been that the loads on the vertical t the trim value for wings level. 

1 
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V airspeed, miles per ,hour 
V, equivalent airspeed, miles per hour (VU~‘~) 
SD total vertical tail area, square feet 
2, distance from center of gravity to rudder hinge line 

(absolute value), feet 
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dynamic pressure, pounds per square foot 
( > 

; p-v2 

moment of inertia about Z-axis, pound-foot-second’ 
thrust coefficient ( T/pV2D2) 
propeller thrust, pounds 
torque coefficient (Q/pV2D3) 
propeller torque, pound-feet 
propeller diameter, feet 
wing span, feet 
wing area, square feet 
pressure coefficient ((p-p,)/q) 
local static pressure 
free-stream static pressure 
yawing moment, foot-pounds 
mass density of air, slugs per cubic foot 
mass density of air at sea level, slugs per cubic foot, 
yawing-moment coefficient, tail off (N’/qSb) 

maximum yawing velocity, radians per second 
angular acceleration in yaw, radians per second ’ 
first maximum angular acceleration in yaw, radians 

per se.cond 2 
32 second maximum angular acceleration in yaw, 

radians per second 2 
e 
. . 
81 

maximum pitching velocity, radians per second 
first maximum angular acceleration in pitch, radians 

per second 2 
At time interval during which maneuver is allowed to 

continue before rudder is returned to zero? 
seconds 

increment in angle of attack of vertical t,ail, degrees 

rate of change of yawing-moment coefficient with 
sideslip angle (tail off) 

measured rate of change of normal-force coefficient 
on vertical tail with angle of sideslip, including 
the effect of rudder deflection 

rate of change of sideslip with change in rudder 
angle (from steady sideslip measurements) 

estimated rate of change of lift coefficient with con- 
trol deflection for isolated vertical tail (1.10 per 
radian) 

43 - 
d6, 

estimated rate of change of lift coefficient with 
angle of attack for isolated vertical tail (1.43 per 
radian) 

estimated rudder effectiveness (0.77) 

DEFINITIONS 

Deflection load: Maximum increment in load due to 
abrupt control deflection at the start of ,maneuver (first load 
peak). 

Dynamic load: Maximum increment in load including 
load due to the static balance condition for rudder deflected, 
load due to transient overshoot, and load due to rudder re- 
versal (second load peak). 

U-type control manipulation: Hypothetical control manip- 
ulation in which both the initial kick and the return of 
rudder have the same amount and rate of control deflection. 

APPARATUS 

Test airplane.-The investigation was conducted on a 
modified Curtiss P4OK airplane which is a low-wing fighter 
airplane with a gross weight of about 8200 pounds and 
equipped with a V-1710-F4R Allison engine rated at 1000 
horsepower at a pressure altitude of 10,800 feet. Figure 1 
shows photographs of the test airplane. Figure 2 presents a 
three-view drawing of the airplane; table I contains a list of 
some pertinent geometric characteristics. 

The military equipment, radio, and fuselage gas tanks were 
removed to permit the inst,allation of the recording instru- 
ments. The airplane was flown with a center-of-gravity 
location of 29.5 percent of the mean aerodynamic chord. 

Tail surfaces.-In order to improve the directional stability 
characteristics and to permit the pilot to fly more easily 

(3) One-,~unrtcr front view. 

(b) Side view. 

FIGURE I.--Test airplane. 
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FIGURE 2.-Three-view drawing of test airplane. List of geometric characteristics is given 
in table I. 

through the speed range with only one setting of the rudder- 
trim tab, a fin extension was added (see fig. 3), and the fin 
offset was changed from 1 ,‘6” left to 0’ offset as suggested in 
reference 6. 

The horizontal tail surfaces were unchanged with the 
exception of the fairing added at the juncture of the fin 
and horizontal tail to cover the pressure lines. The amount 
of protuberance of this fairing is shown in the photographs 
in figure 4. 

Orifices were installed opposite each other on the left and 
right sides of the vertical tail at the locations shown in 
figure 5. 

Flight instruments.-Instruments installed to measure the 
differential pressures, the control forces, the control deflec- 
tions, and the motions of the airplane were as follows: 

(1) Multicell manometers to measure the differential 
pressures over the vertical, tail surface at the points shown 
in figure 5. 

(2) An NACA airspeed recorder with the swivelling static 
head located approximately one chord forward of the right 
wing tip. (See fig. 1 (a).) 

(3) Control-force recorders which measured the forces 
exerted by the pilot on the stick (aileron and elevator) and on 
the rudder pedals. 

(4) NACA electrical control-position recorders which 
measured the elevator- and rudder-control positions at points 
on these controls near the fuselage center line. 

(5) A sideslip-angle recorder mounted approximately one- 
half chord above and one chord forward of the left wing 
tip. (See fig. 1 (a).) 

(6) Accelerometers which recorded transverse and normal 
accelerations at points 59 and 152 inches behind the center 
of gravity. 

(7) Turnmeters which measured the angular velocities 
in yaw, pitch, and roll. 

(8) A timer used to synchronize all records. 
Prior to each test the pilot noted the manifold pressure, the 

pressure altitude, the airspeed, and the cockpit settings 
of the rudder, elevator, and aileron trim tabs. 

TEST PROGRAM 

The test program may be divided into three parts: (1) tests 
conducted to obtain steady-flight data, (2) tests in which 
rudder kicks were made, ancl (3) tests in which fishtail 
maneuvers were made. All speeds mentioned are equivalent 
airspeeds. 

Steady-flight runs.-Inasmuch as the vertical-tail loads on 
an airplane are related to its steady-sideslip characteristics, 
a number of steady-flight runs were made at various values 
of steady sideslip and speed, and at two power conditions. 
The data were recorded after the pilot had trimmed the 
airplane at the test condition. Runs were obtained through 
a speed range of 100 to 380 miles per hour with power on 
(power for level .flight or rated power when necessary) and 
100 to 220 miles per hour with power off. 

Rudder kicks.-Rudder kicks (single abrupt rudder deflec- 
tions) are useful in the study of the directional stability 
characteristics of an airplane and for the investigation of 
the effects of rate, amount, and direction of control deflection 
on the vertical-tail loads. 

A total of approximately 50 left and right rudder kicks 
were made during which pressure distributions were 
measured. Of these runs, approximately 30 were kicks 
from the wings-level condition and 20 were kicks against 
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FIGURE 3.-Plan form of vertical tail used on test airplane and profiles of the airfoil sections around which pressure orifices were distributod. 

i w--\m- Rudder hinge he .._ 

(a) Profile of hiring. (b) Side view of fairing. 

FIGURE 4.-Vertical tail showing profile and plan form of protuberance caused by faking over pressure lines. 

an initial steady sideslip. The runs were made at speeds 
of approximately 100, 200, and 300 miles per hour wit.h power 
on and power off. Tl le rudder kicks were performed at 
medium and fast rates from trimmed flight. In addition, 
70 rudder kicks in which loads were not measured were 
found to be useful in the analysis. 

Fishtail maneuvers.-Fishtail maneuvers (periodic rudder 
oscillations) were made with power off and power on at, 
speeds of 150 and 200 miles per hour during which the pilot 

attempted to maximize the loads on the vertical tai!. Also, 
runs were made at 150 miles per hour during which the 
pilot applied an abrupt rudder deflection against the swing 
at the time of maximum yawing velocity. A second pilot 
was asked to perform mild fishtail maneuvers at speeds 
of 200, 250, 300, and 350 miles per hour. For this series 
the pilot was free to use as much coordination as he wished so 
that information would be obtained to evaluate the maneuver 
under such conditions. 
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0riflr.a location. porcmt chord from leading edgo 
Rib Chord __ 
,’ (in.) 

1 2 3 4 5 6 7 3 9 10 11 12 

T ____ 1______________ 
-------P-P-- ----~ 

34.0 11.3 23.1 29.4 
U---‘-‘______________ 2: ii:: 

76.2 89.4 
49.2 

3424 
10.2 36.6 

V- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
53.9 73.2 

20” 2:; 
26.4 37.8 

W  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
52.8 57.6 2:: 32.1 

3.1 10.4 16.3 X---L ______________ 2:: 41.1 61.7 23.6 56.4 1:: 37.1 60.4 2: 63.3 
:Ki 

31.1 95.7 
Y _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 31.2 41.4 71.3 
z.-,,, ____________ 22.3 7:s 40.4 77.6 

FIGURE 5.-Location of orifices at which pressures were measured. 

METHODS 

Pressure distributions.-The records used in evaluating 
the pressure distributions were read at time values which 
would permit an accurate time history to be represented. 
The chordwise integrations were performed in two parts 
so that the chordwise and spanwise loads could be obtained 
separately for the fin and rudder. A numerical method 
of obtaining the spanwise center of load on the fin was used. 

Separation of load components.-The method of separa- 
tion of load components on the vertical tail was found to be 
accomplished most conveniently by considering the load to 
bc made up of two components: one necessary to balance 
the unstable wing-fuselage yawing moment in sideslip and 
one due to yawing acceleration, or 

Other records.-The angle of sideslip for the steady-sideslip 
results was corrected for the effect of inflow as deter- 
mined from the results of a calibration flight in which similar 
sideslip-angle recorders were installed on each wing tip. 
This correction was not made for the sideslip-angle records 
in the time histories since only incremental values were 
used in the analysis and the angle of inflow correction was 
nearly constant throughout the maneuver. 

dCn b I,, AN,=Ap -@g-g (1) 

However, some use was also made of the expression for the 
load in terms of effective angle of attack at the tail; that is, 

(2) 
where, approximately, 

Ac&-~+($~)~A~, 

The only other corrections made were the compressibility The form of equation (1) is particularly useful in the 
correction to the airspeed and the correction to the rudder present case because both the parameter dC,Jdp and the 
and elevator angles for the amount of trim-tab deflection factor Iz/xO were derivable from flight results as shown 
required to keep the wings in level trim. subsequently herein and also because the maximum loads 

The rate of control deflection and angular accelerations could be defined when only the value of maximum yawing 
were obtained by mechanically differentiating the control acceleration $-and the maximum angle of sideslip AS were 
deflection and the angular-velocity records, respectively. known. 
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RESULTS AND DISCUSSION-STEADY FLIGHT 

Wings level.-The pertinent data-obtained from tests with 
wings level are shown plotted in figures 6 and 7. Figure 6 
shows the variation with speed of the amount of rudder, 
elevator, and sideslip angle required to maintain wings level 
for power on and power off. Figure 7 shows the variation 
of the normal-force coefficients over the fin, rudder, and total 
vertical tail, and the spanwise variation of center of load on 
the fin with speed. These curves are typical for a single- 
engine airplane. The variations shown in figures 6 and 7 
are caused by the effects of propeller rotation in producing 
a twisting slipstream and by a direct asymmetric thrust due 
to the inclined propeller. With power off the variations 
are probably the result of a windmilling propeller, par- 
ticularly at speeds lower than 200 miles per hour where the 
amount of blade adjustment possible is insufficient to 
maintain the rotation of the constant-speed propeller. 
The spanwise center of load on the fin moves outboard with 
decreasing speed but, from consideration of the loads, this 
movement with wings level is not very significant because 
of the small bending moments involved. 

The change in elevator angle required with a change in 
sideslip results from a change in the pitching moment of the 
airplane with sideslip. The variation of rudder angle with 
angle-of sideslip is seen t,o be approximately linear throughout 
the speed range. Figure 9 presents the variation of the 
normal-force coefficient with sideslip for the rudder, fin, and 
total vertical tail surface. The variations shown are con- 
sistent with the trends of figure 8. The rate of change of 
normal-force coefficient on the vertical tail with angle of 

dCN sideslip dp 
( > 

D is used to define the load required on the 

vertical tail to balance the unstable yawing moment of the 
wing-fuselage configuration. From this value the parameter 
dC,Jdp may be obtained as 

dG dCN xo S, -= 
43 6) 

-- 
do ,bS 

Steady sideslip.-Steady-sideslip data are presented in 
table II and in figures 8 to 12. The data are shown as 
incremental values measured from the condition with wings 
level. 

Figure 10 presents isometric views of the pressure distribu- 
tion over the vertical tail at various incremental values of 
sideslip for power on at an airspeed of 220 miles per hour. 
The spanwise load distributions on the fin and rudder corres- 
ponding to the isometric diagrams of figure 10 are shown in 
figure 11. 

Figure 8 presents the changes in rudder deflection, rudder 
pedal force, and elevator deflection required for changes in 
sideslip measured from the wings-level trim value. The incre- 
ments in pedal force are shown as pedal-force factors, which 
are obtained by dividing the pedal force by the dynamic 
pressure so that the data from’all speeds may be combined. 

200 300 
Equivdenf airspeed, v,, mph 

FIGURE 6.-Variation with equivalent airspeed of rudder and elevator control deflections Froria~ 7.-Variation with equivalent airspeed of normal-force coefficients on SurfaceS of 
(for tab at zero) and angle of sideslip (corrected for inflow) required to maintain wings vertical tail for wings in level flight with power on and power off and variation of spanwise 
level with power on and power off. center of pressure on fin. 
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-2+* -/a 0 10 20 -20 -IO 0 IO 20 
hcremenf of sides@ angle, A,G, deg 

FIGURE 8.-Variation 01 increments of rudder and elevator control deflections and pedal- 
force factor with incremental change in sideslip measured from wings in level flight with 
power on and power off. 

Figure 12 shows the variation of spanwise center of load 
on the fin with change in sideslip from the wings-level trim 
value at airspeeds of 100, 160, and 220 miles per hour. With 
change in sideslip from the wings-level condition, according 
to figure 12, an inboard movement of the spanwise center of 
load occurs which is probably a result of the displacement 
of the tail from the region of greatest fuselage boundary 
layer. 

RESULTS AND DISCUSSION-RUDDER KICKS 

TIME HISTORIES 

Data pertaining to the rudder kicks are plotted in figures 13 
to 41. The data for all the rudder kicks are shown in 
tables III and IV. Before a detailed analysis of the loads is 
made, it would be of value to note the general nature of the 
airplane motion and the sequence or events. For this pur- 
pose typical time histories of the measurements are shown in 
figures 13 to 18. 

Figures 13 and 15 present the time histories of right and 
left rudder kicks, respectively, made at airspeeds of 100, 200, 
and 300 miles per hour with power on. The normal load on 
the fin, rudder, and total vertical tail surfaces associated 
with these measurements are shown in figures 14 and 16. 
Time histories for two rudder kicks applied against initial 
steady sideslips to the left and right made at airspeeds of 200 
miles per hour are shown in figure 17 and corresponding 

h 

normal loads on the vertical tail surfaces, in figure 18. 
828476-49-2 

I I I I I , I , , , 
-20 

, , , , , 

-IO 0 /o 20 -20 -IO 0 IO 20 
hcremenf of sides@ angle, A/3, deq 

Fmrrm 0.-Change of verticnl tail, fin, and rudder normal-force coefficients with change in 
sideslip angle measured from wings-level condition with.power on und power off. 

A/3 = -2.2 Ap=6.05 

A/?=-15.f A,B=P/./ 
FIGURE IO.-Isometric views of pressure distribution over vertical tail surface nt various 

ineroments of sideslip for wings in level flight at 220 miles per hour and with power on. 
A4irplnne lift coefficient, 0.28; 2’.=0.03; Q.=O.W. 
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-IO0 0 100 -too 0 100 
Loodf ft, lb L oodf f7, lb 

FIGURE Il.-Spnnwiso load distributions on fin and rudder corresponding to the isometrics of figure 10. 

From a study of the time histories the following sequence 
of events and items of interest may be observed: 

(1) Before the mancuvcr is started, the airplane is in stead,v 
trim flight as indicated by the constant. initial values of the 
variables. 

(2) After the application of an abrupt pedal force a lag 
of the order of a fraction of a second occurs before the rudder 
begins to respond because of Aexibi1it.y in the control system. 

(3) The airplane begins to yaw as soon as the rudder is 
deflected. 

(4) The greatest rate of change of yawing velocity (the 
maximum yawing acceleration) following the rudder 

deflection occurs before the value of sideslip has changed 
from the trim condition. 

(5) The time interval from the start of the maneuver to 
the time the maximum yawing velocity is reached is, roughly, 
inversely proportional to the airspeed. 

The time histories show that an appreciable amount of 
pitching is induced during the maneuver. With right rudder 
deflection the pitching is nose-clown and with left rudder 
deff ection it is nose-up. The pitching is caused primarily by 
two effects; namely, the precessional moment which results 
from yawing the propeller disk and the change in airplane 
pitching moment with sideslip. The precessional effect 
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FIGURE 12.-Variation of spanwise ccntcr of pressure on fin with change in sideslip from 
wings-lewd condition et 17.=1M), 160, and 220 miles per hour witll power on. 

leads the effect of sideslip by a phase relation of approxi- 
mately 90’ since it depends upon the yawing velocity rathrl 
than the angle of yaw. Also, the sign of the precessional 
pitching moment depends upon the direction of yawing; 
whcrcas the sign of the airplane pitching moment due to 
sidcslip is negative regardless of sideslip direction, as is shown 
by the variation OI elevator required with sicleslip (fig. 8). 
The net effects are aclclitive for right rudder kicks and can- 
celing for left rucldcr kicks. This result explains the phase 
difference between the yawing-velocity curve and the pitching- 
velocity curve for left and right rudder kicks. The com- 
bined effects for right rudder kicks produce a decrement in 
vertical acceleration as high as approximately 1.79 at the 
center of gravity, as is indicated by figure 13 (c). 

The time histories of the loacls on thr vertical tail surfaces 
(figs. 14, 16, and 18) exhibit the same general characteristics 
as the load variation on the horizontal tail following an 
abrupt elevator deflection. The first significant feature is 
the ,load peak due to the abrupt deflection of the rudder. 
This first load-peak increment is termed the “deflection 
load” herein. The second feature indicated by the load 
time histories iq the build-up of load in the opposite direction 
as the airplane responcls to the unbalance created by the 
control deflection. In seeking to assume a new static 

equilibrium position a transient “overshoot” occurs, the 
magnitude of which is a function of the dynamic lateral 
stability of the airplane. The maximum balance load thus 
consists of a static-balance trim value and a trdnsient load. 
This second load-peak increment is referred to as the 
“dynamic load.” 

The load variation with time on the rudder and fin shows 
that the rudder carries most of the deflection load; whereas 
the fin carries most of the dynamic load. 

The deflection load and dynamic load will be discussed 
separately, use being made of the breakdown of the load 
into the component necessary to balance the unstable yawing 
moment of the wing-fuselage combination and that associated 
with the yawing acceleration. (See section entitled 
“Methods.“) A time history of the component of load due 
to each factor and a comparison of the combined effects 
with the measured vertical-tail loads is shown in figure 19 
for flight lla, run 1. As expected, the agreement is particu- 
larly good since the parameter clC,/&3 (already shown) and 
the factor 1,/x, were determined with the aid of experimental 
results. The details of determining 1&, dill be given in the 
following section. 

In the subscqucnt discussion the definitions illustrated in 
figure 20 may bc helpful. 

DEFLECTION LOAD 

General relations.-In the deflection load, as shown in 
figure 19, the component of load necessary to balance the 
unstable wing-fuselage moments in sideslip is absent and 
the deflection load is defined by the angular-acceleration 
component only; thcrcfore, when the values of the first 
yawing acceleration ql, the moment of inertia of the airplane 
IZ, and the tail length x, are known, the load may be de- 
tcrminccl by the relation 

This relation is shown in figure 21 in which the maximum 
yawing acceleration ,$, is seen to be linearly related to the 
experimentally determined deflection load. This curve, 
then, is an experimental determination of the factor I&,. 
Inasmuch as figure 21 shows that such a clefinitc relationship 
exists, it will be used in the subsequent analysis to determine 
the deflection load from the value of yawing acceleration 
only. This relationship permits determination of tail loads 
by use of the rudder-kick data presented in table IV for 
which clirect tail-loacl measurements were not available. 

As an introduction to the factors which affect the magni- 
tude of the deflection load, it is convenient to consider two 
extremes of control manipulation-zero and infinite rates 
of rudder deflection. When the rate of rudder deflection is 
zero or very slow, the airplane will adjust itself to a new 
static equilibrium position as each infinitesimal increment of 
unbalance is impressed ‘and the deflection load will be zero 
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f edol force, 

Control position, 

Time, set 

(a) Flight 6, run 6; V,=lOO miles per hour. (b) Flight 8b, run 3; V.=ZM) miles per hour. (c) Flight 11% run 1; V.=300 miles per hour. 

FIGURE 13.-‘I’ime histories of three abrupt rudder kicks to the right made at V,=loO, 200, and 300 mik.S Per hour with Power on. 

regardless of the amount of control deflection or the airplane equal to that on an isolated tail with a value 
stability or mass characteristics. When the rate of rudder to the amount of control deflection attained, 
deflection is infinite, however, because of the inertia about 
the Z-axis, the lift is experienced before the airplane can 
respond and the deflection load becomes approximately 

AAT,,= 

corresponding 
that is, 
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(a) V.=lOO miles per hour; flight 6, run 6. 
(b) I’.=200 miles per hour; Bight Eb, run 3. 
(c) I’.=300 miles per hour; Bight 11% run 1. 

BICURE Il.--Time histories of normal forces on vertical tail suriaces for right rudder kicks OC 
figure 13. 

For actual cases where the rate of deflection is between zero 
and infinity, the deflection load is dependent upon the rate 
of deflection, amount of deflection, and the response 
characteristics of the airplane. 

For an airplane of given characteristics the amount of 
control deflection that can be applied and the response 
characteristics of the airplane are, in general, fixed so that 
it becomes convenient to consider the rate of control deflec- 
tion as the prime determinant of the deflection load. The 
deflection load thus involves a determination of (1) the 
maximum rate of control deflection the pilot employs and 
(2) the load corresponding to this maximum rate. 

Rate of control deflection--From the many rudder kicks 
performed in this investigation some information was 
obtained which pertained to the rate at which the controls 
were deflected. It is to be emphasized that these are the 
rates that the pilot actually used, which may or may not be 
those .of which he is physically capable. 

Data pertaining to’the maximum rate at which the pilot’ 
deflects the rudder is shown in figures 22 (a), 23 (a), and 
24 (a) for kicks made from the wings-level condition and in 
figures 22 (b), 23 (b), and 24 (b) for kicks against an initial 
sideslip. 

In’ figure 22 (a), the rates of control deflection are shown 
plotted against airspeed for all rudder kicks made from the 
wings-level condition and in figure 23 (a) the rates are plotted 
against the maximum incremental pedal force. The faired 
lines in figure 23 (a) define the envelope of the maximum 
rate of control deflection attained. The maximum rate of 
deflection is noted to decrease with increase of pedal force, 
or amount of resistance to deflection. This result is in agree- 
ment with the results of tests made on the ground to deter- 
mine the rates of elevator deflection used by a number of 
pilots (reference 7). On the basis of the relation indicated 
in figure 23 (a), the envelope describing the maximum rate 
(fig. 22 (a)) can be explained by the amount of resistance 
encountered. For instance, the rate of control deflection 
is greatest for the condition of power off and low speed. 

In figure 24 (a) the ratio of rate of control deflection and 
amount of control deflection is plotted against speed for 
power on and power off. This figure shows that the ratio 
&/A& approaches an upper limit of 10; the reciprocal of this 
ratio signifies that the minimum time to reach the highest 
control deflection the pilot can attain at each flight condition 
is a constant equal to 0.1 second. The conclusion that the 
ratio A&/& is a constant may be deduced from the fact that 
both the maximum amount of deflection the pilot can attain 
A& and the maximum rate of deflection 6, are proportional 
to the same factor (the pedal force). It should be pointed 
out here that the rate of control deflection 6, used in the ratio 
is the maximum measured during each rudder kick (see 
symbols) so that the minimum time value is derived from 
values of the ratio, which are themselves minimums. 

Similar data obtained from the rudder kicks against an 
initial sideslip are presented superposed on the data ob- 
tained from kicks made from the wings-level condition in 
figures 22 (b), 23 (b), and 24 (b). It is shown in both 
figures 22 (b) and 23 (b) that the rates of deflection are 
higher than the maximums defined by the envelope for the 
data for rudder kicks from the wings-level condition. This 
result is obtained because the increment in pedal force is 
measured from the initial sideslip value, which in this case 
is an untrimmed value, so that a resistance to deflection is 
indicated that is higher than actually exists. Actually, the 
rudder tends to move toward the trim position of its own 
accord when the pilot releases it to apply opposite rudder. 
Figure 24 (b) shows that the time to reach the maximum rud- 
der deflection is the same constant value as that obtained by. 
rudder kicks from the wings-level condition. In this case, 
the greater rates are evidently balanced by a greater incre- 
ment of control deflection. 

Deflection load associated with maximum rate of control 
deflection--The maximum deflection load per unit rudder 
deflection is shown plotted against dynamic pressure in 
figure 25 and is compared with the value computed from the 
geometric parameters of the tail for an infinite rate of deflec- 
tion. The loads with power on are shown to be greater than 
the computed values at the lower speeds due to the fact that 
for the computed values the dynamic pressure at the tail 
was assumed to be equal to the free-stream dynamic pressure. 
At high speeds the actual maximum load experienced is 
almost 100 percent of that for an in&rite rate of control 
deflection for this airplane. 
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FIGURE 15.-Time histories of three abrupt rudder kicks to the left mado at I e- . - 100, 200, and 300 miles per hour with yow‘er on. 
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(a) I’,=100 miles p?r hour; flight 6, run 9. 
(b) I’,=200 milts per hour; flight ah, run 2. 
(Cl Ii=:300 miles per hour; flight Ila, run 3. 

FIGURE I&-Time histories of normal force on rorticnl tail surfacrs for kit rudder kicks of figure 15. 

As previously mentioned, the maximum rate of control 

deflection F=O.l is based upon the assumption of a linear- 

type control deflection which has a constant rate equal to the 
measured maximum rate. This assumed control deflection 
compared with a typical flight control deflection is shown in 
figure 26 (a). In figure 26 (b) the theoretical effect of rate 
of rudder movement on the deflection load is shown. The 
computations were made for the linear-type control deflec- 
tion by the method indicated in reference 5. The figure 
shows the deflection load in percent of the load for an in- 

finite rate of deflection $S=O plotted against the time to 

reach maximum deflecti& A&l&. For the maximum rate 
of control deflection used by the pilot (a minimum time to 
reach maximum deflection of 0.1 set) the load at 100 miles 
per hour is almost equal to that for a infinite rate of deflec- 
tion, At higher speeds the rate becomes more critical in 
that the airplane responds more rapidly; however, even at a 
speed of 300 miles per hour the deflection load for a control 

deflection completed in 0.1 second is approximately 95 
percent of that for an infinite rate. 

DYNAMIC LOAD 

General relations.-In figure 19 time histories of the com- 
ponent of load on the tail associated with the angular 
acceleration and the component due to sideslip are shown 
for one run, together with a comparison of the time histories 
of the summation of the components and t,he measured 
vertical-tail load. In figure 27 the measured dynamic loads 
are shown compared with the load computed from the 
relation 

The data for rudder kicks against sideslip (fig. 27 (b)) are 
noted to have a slightly different slope from those of rudder 
kicks from the wings-level condition (fig. 27 (a)).. The 
difference is presumed to be a result of differences in the 
action of secondary effects such as damping in roll or linear 
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-Time histories of left and right rudder kicks against left and right sideslips, respectirely, at V,=ZOO miles per hour 

acceleration. The comparisons, however, indicate that 
for the test airplane the equation adequately represents the 
dynamic-loads data. Thus the dynamic load following a 
rudder kick may be easily determined if the maximum value 
of sideslip A/3 and yawing acceleration & are available. 

Some further discussion is needed regarding the factors 
which affect the angle of sideslip and the angular acceleration 
attained. 

sideslip attained by a given rudder angle is proportional to 
the factor dpfds, (fig. 8). In abrupt rudder kicks, however, 
for an airplane with less than critical damping, a transitory 
angle of sideslip which is greater than the final steady sideslip 
will occur. For the case of zero directional damping and an 
abrupt rudder deflection, this transitory angle of sideslip 
would amount to twice the steady-state value of sideslip for 
the same rudder angle or 2 (d@/d&) . 

Angle of sideslip.-For steady sideslips the amount of The test airplane has low directional damping (as do most 
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(a) Flight 123, run 2. 
(b) Flight 128. run 4. 

FIGURE l&-Time histories of normal force on vertical tail surlilces for rudder kicks against 
initial sideslip of figure Ii. 

conventional airplanes) so that an overshoot resulting in a 
magnification factor of 1.5 to 2.0 over the steady-state value 
is to be expected. An approximate value of this factor for 
the test airplane may bc obtained from figure 28 (a) which 
shows a plot of the ratio of angle of sideslip reached in rudder 
kicks to the value which would bc reached in steady sidcslips 
with the same rudder angle. At speeds of 100 and 200 milts 
per hour the full magnification factor is not reached bccausc 
the rudder generally is rcvcrsed before the maneuver has 
continued long enough for the potential sideslip angle to bc 
realized. The early rucldcr reversal relative to the time of 
maximum sideslip is shown in the’time histories of the rudder 
kicks made at low speed (see fig. 13) and the computed effect 
of various times of rudder reversal on the sideslip reached is 
shown in figure 28 (b). At 300 miles per hour the rudder, 
in general, was held long enough for the full sideslip to be 
realized so that the magnification factor of approximately 1.5 
obtained at this speed is believed to be near the true value 
for the test airplane. 

Angular acceleration.-The maximum a.ngular acceleration 
& is made up of the superposition of a component that is 
proportional to the amount of overshoot and a component 
resulting from the reversal of the rudder. The component 
due to the amount of overshoot depends upon the amount of 
damping, being zero for the case of critical damping and 
equal to the deflection angular acceleration & for zero 
damping. The component of angular acceleration due to 

400 
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-400 A/- \ 

0 

-800 0 / 2 
Time, set 

FKURE lY.-Compnrison 01 meesurrd load on vertical tail with sum of component of load 
nece?mry to bnlancr wing and luselagc moments qnd component nssociotcd with yawing 
accelorntion for flight Ila, run 1 (figs. 13 and 14). V.=:GJl milts pm hour. 

rudder reversal is dcpcndcnt upon the rate and amount of 
control deflection in the same manner as is the deflection 
angular acceleration. If the reversal deflection has the same 
rate and amount as the initial deflection (U-type rudder man- 
ipulation), the reversal component will exactly equal the de- 
flection angular acceleration ;II. 

The two parts making up the yawing acceleration & are 
indicated in figure 29 in which the time histories of the load 
associated with the yawing acceleration only are shown for 
two rudder kicks in which the rudder was returned to zero 
after different time intervals. The time history for run 5 
indicates the maximum angular acceleration without the 
reversal; whereas in run 6 the rudder was reversed at the 
time of maximum sideslip so that the maximum yawing 
acceleration includes the effect of rudder reversal. From this 
figure it is evident that the rudder kick in which the maneuver 
was stopped earlier results in higher loads because of the 
superposition of the two yawing-acceleration components 
near the time of their maximum values. 

8284X-49-3 
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FIGUEE PO.-Illustration of symbols used for slopes and incremental values. 

In order to indicate the likelihood with which the anguIar 
accelerations superpose at their maximum values, the ratio 
of the second peak angular acceleration to the first peak &/& 
is shown plotted against speed in figure 30 (a). In general, 
an approach of t.he ratio to a factor of 2 would indicate that 
the angular acceleration components superposed at their 
peaks; without the reversal component the ratio would bc 
less than 1.0 since the overshoot component of & alone will 
always be less than the deflection value. Strictly speaking 
this value is obtained only for U-type control manipulation 
and, as indicated b.y some high values of the rat.io (as high 
as 2.45), the rudder was returned past the trim position in 
some cases. The time histories (figs. 13 and 15) indicate, 
however, that although the rudder reversal was made at 
rates and amounts sometimes greater and sometimes Iess 
than the initial rudder kick the U-type manipulation repre- 
sents an average type. 

The computed effect of the time interval during which the 
rudder is held upon the manner of superposition of the angular 
acceleration components is shown in figure 30 (b). 

The data of figure 30 (a) show that at 300 miles per hour 

-I.21 ' 
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LC, I I11.41 ,I 
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Increment of def/ecfion 1004 A&, lb 

FIGURE Z-Relation between the mnrimum deflection load and the maximum angular 
acceleration in yaw. 

the average of the components of angular acceleration due 
to overshoot and rudder reversal superpose near their maxi- 
mum values and also that the U-type rudder manipulation 
is not an unduly conservative one as is sometimes felt in the 
specification of control motions. 

Estimate of maximum value for dynamic load from flight 
data----An approximate formula for the estimation of the 
order of magnitude of the dynamic load would assist in 
assessing the relative significance of the factors involved. 
For this purpose the expression for the load on the vertical 
tail in terms of an effective angle of attack is most convenient; 
that is, 

This expression is adequate when maximum values are con- 
sidered inasmuch as the angular velocity is zero at the time 
of maximum 0; also, the sidewash factor may be assumed to 
be zero. 
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(a) Rudder kicks from wings level. (b) Rudder kicks against initial sideslip 

F~QURE ~,-Rwipro& ~3 time to reach maximum rudder deflection against equil-alent airspeed with power On and Power Off. 
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FIOURE W,-Deflecticm load per degree rudder deflection plotted against dynamic pressure compared with deflection load for infinite rate of control deflection. Tailed symbols denote ruddef 
kick against initial sideslip. 
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(a) Rudder kicks from v.&gs level. (b) Rudder kicks against initial sideslip. 

FIGURE 27.-Comparison of measured dynamic load with dynamic load computed from the relation AN.,-‘3 AI%S$-~< 6. 
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The angle of sideslip attained in a rudder Bick may be 
written as 

where dp/d& is the measured slope as obtained from steady 
sideslips and k is a magnification factor which, as noted 
previously, would range from a value of 1 for a critically 
damped airplane to a value of 2 for zero damping. Thus, 

For the critical cast of a rudder reversal at the time of 

As,p&, is added 
2’ 

to the expression. If the reversal is assumed to be made 
at an infinite rate and to be equal to the initial deflection, 
the load becomes 
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FIGURE 31.-Dynamic balnncr load per degree rudder deflection plotted against dynamic prossurc. Tailed symbols dcnato rudder kick against initial sidcslip. 

For the test airplane @/&, is approximately equal to 1.5 
(fig. 8) and as an upper-limit value,. k= 2.0. The comparison 
of the measured load with the load computed from the 
approximate formula is shown by the line in figure 31. 

LOAD DISTRIBUTION 

In order to furnish a grncral picture of the distribution of 
load during a rudder kick, isometric views of the pressure 
distribution over the vertical tail during right and left rud- 
der kicks arc shown in figure 32. The figure shows the 
distributions on the vertical tail for steady flight, the time 
of maximum deflection load, an intermediate point in the 
maneuver, and the time of maximum dynamic load. It can 
be seen from this figure and the time histories (figs. 14, 16, 
and 18) that the rudder carries most of the deflection load 
and that the fin carries most of the dynamic load. As 
regards the chordwise distribution of load, all types of dis- 
tributions appear to occur during the rudder kick. The de- 
flection load represents the zero-yaw full-rudder load; the 
intermediate point during the maneuver is the balance-type 
load; and the maximum dynamic load is a high angle-of- 
attack type of load with high leading-edge pressures. 

Distribution of load between rudder and fin--Further 
information on the distribution of the load between the 
rudder and fin is given in figures 33 and 34. A comparison 
of the magnitude of the deflection load on the rudder with 
that on the total vertical tail is shown in figure 33 (a) for 
rudder kicks from the wings-level condition and in figure 

, 
33 (b) for rudder kicks against initial sideslip. As shown 
by the time histories of figures 14 and 16 the maximum de- 
flection load on the rudder occurs after the maximum on the 
total vertical tail so that the load values plotted in figure 
33 do not necessarily occur at the same time. From figure 
33, the load on the rudder is found to be approximately 
equal to the total deflection load. For the high loads which 
were attained at 300 miles per hour the rudder deflection 
load is actually greater than that on the total vertical tail. 
This condition results from a combin.ation of the lower rate 
of control deflection with the more rapid airplane response, 
with the consequence that the airplane starts to yaw before 
the rudder has completed its travel. The yawing velocity 
imposes a load on the fin that is opposite to the rudder load 
and results in a lower net load on the tail. This effect is 
illustrated in figure 32 by the higher pressures on the rudder 
at an intermediate point during the maneuver rather than 
at the time of maximum vertical-tail deflection load. 

A,comparison of the dynamic load carried by the fin with 
that carried by the total vertical tail is shown in figure 34 (a) 
for rudder kicks from the wings-level condition and in figure 
34 (b) for rudder kicks against steady sideslip. The fin is 
shown to carry approximately 90 percent of the dynamic 
load in rudder kicks from the wings-level condition and 
about 100 percent of the dyanmic load in kicks against 
sideslip. When the fin carries a load greater than 100 
percent, the total load includes a rudder load in a direction 
opposite to that on the fin. 
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(a) Flight 118. run 1; right rudder kick. (b) Flight 11% run 3; left rudder kick. 

FIGURE 32.-Isometric diagrams of pressure distributions over vertical tail during right and 
left rudder kicks. 

Spanwise and chordwise load distribution.-The span- 
wise loa,d distributions on the fin at the time of maximum 
fin load and on the rudder at the time of maximum rudder 
load are presented in figure 35 for power on and figure 37 
for power off for the most severe rudder kicks made in each 
direction and at each test speed. The symbols in these 
figures are used to distinguish chordwise-load points of two 
runs having approximately the same value of load. The 
chordwise pressure distributions over rib V (fig. 5) obtained 
at times corresponding t.o the times for which the spanwise 
load distributions are shown are presented in figures 36 
and 38. 

Figure 39 shows that the spanwise center of load on the 
fin varies slightly depending upon the direction of kick as 
well as upon the airspeed. On an average, the spanwise 
center of load is 10 percent farther outboard than the air- 
load dist,ribution for which the surfaces were designed. 
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(a) Rudder kicks from wings Ievel. 
(b) Rudder kicks against initial sideslip. 

FIGURE 33.~Comparison of magnitude of deflection load on rudder with total deflection load 
on vertical tail in rudder kicks. 

The chordwise load distributions in figures 36 and 38 show 
that (except at an airspeed of 100 mph) the maximum fin load 
is, in general, associated with a small value of load on the 
rudder, whereas the maximum rudder load occurs during an 
intermediate point in the maneuver when the fin has some 
load due to yawing. 

LOAD DIAGRAMS 

The construction of load diagrams for the vertical tail 
surfaces may be made by the use of the foregoing results. 
For instance, the deflection load was shown to be critical for 
the rudder. At high speeds the total deflection load was less 
than the load for an infinite rate of control deflection (see fig. 
25) but the load on the rudder was greater than 100 percent 
of the deflection load, and it is therefore reasonable to assume 
that the critical rudder load may be equal to the total 
deflection load at an infinite rate of control deflection. Thus, 

In figure 40 (a) the load computed by this equation is shown 
to compare well with the maximum values of measured rudder 
loads. 

The dynamic load was found to bc critical for the fin. 
The load on the fin may be cxprcsscd as some fraction K of 
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(a) Rudder kicks from wings level. 
(b) Rudder kicks against initial sideslip. 

FIGURE 34.-comparison Of magnitude of maximum dynamic load on fin with total dynamic 
load on vertical tail in rudder kicks. 

the dynamic load. The factor K may be determined from 
the geometric characteristics of the tail for the assumption of 
a hypothetical control motion in which the rudder is returned 
to zero at the time of maximum sideslip ; that is, 

AN1, = K AN,, 

For the test airIjlane the factor K for this condition was 
shown to be 90 percent in rudder kicks from the wings-level 
condition (fig. 34 (a)). 

In figure 40 this relation is shown on the basis of the load 
per degree rudder deflection against dynamic pressure along 
with experimental values. In the calculations the magnifica- 

tion factor k was assumed to be 2.0 and g-1.5. 7 
The load diagram in figure 41 was constructed from the 

preceding formulas. The dashed lines show computed loads 

Rghf rudder kick - 
Left rudder kick __---- 

400 0 420 
Loodlff, lb 

Fm 

0 
L ooU/ f t, lb 

Rudder 

200 

(8) V.= 100 miles per hour. 
(b) V.=ZUO miles per hour. 
(c) I’.=300 miles per hour. 

FIGURE 35.-Spanmiso load distributions on the fin and rudder for the time of maximum load 
on each surface during rudder kicks at V,=loO, W.l, and 300 miles per hoti with power on. 
Symbols show chordwise loads. 
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FIGURE DG.-Chordwise pressure distributions over rib V (see fig. 5) for spanwise load distri- 
butions of figure 35. 

for two pedal forces and the points represent the largest 
experimental values obtained at equivalent airspeeds of 200 
and 300 miles per hour. 

RESULTS AND DISCUSSION-FISHTAIL MANEUVERS 

Vertical-tail failures have occurred on military airplanes 
during evasive action or fishtail maneuvers. Some concern 
1~~1,s therefore been expressed about including the fishtail 
maneuver as a critical design condition because the weight 
penalty for adequate strength was considered prohibitive. 
In addition, there was for a time an impression among some 
designers that the vertical tail could fail on any airplane if 
the rudder were deflected in a sinusoidal manner at the 
natural frequency of the airplane. Consequently, it seemed 
to be in order that a specification be made as to how far the 
maneuver was to be continued. For this purpose, an analo- 
gous system which is familiar in simple dynamics may be 
used to furnish useful information concerning the fishtail 
maneuvers. 

la 

Riqht rudder kick - 
Left rudder kick - - - - 

/- o/c / 

?’ I 
dv 

4’ \ \ ‘. --_ 

400 0 
LoodJ ft, lb 

Fin 

400 0 
L ood/ ft, lb 

Rudder 

(a) T.=lOO miles per hour. 
(b) IT.=200 miles per hour. 
(c) I-.=300 miles per hour. 

~~~~~~~ 3j.-Spanwise land distributions on the fin and rudder for the time of maximum load 
on cocb surface during rudder kicks at V.=lOO. 200. and 300 miles per hour with power off. 
Symbols show cbordwiso loads. 



LOADS AND LOAD DISTRIBUTIONS ON THE VERTICAL TAIL SURFACES DURING RUDDER KICKS AND FISHTAILS 25 

Dis fribut/ons of 
:hes of maxhwm 
tncremenial load 

- on flh 
- --- On rudder 

; .-mm_- ---y-, 
n 

Riqhf ru&‘der kl’ck Left rudder k/‘ck 

(a) I’.=100 miles per hour. 
(b) 17,=200 miles per hour. 
(c) I’.=300 miles per hour. 

FIGURE 38.-Chordwisc pressure distributions over rib V (see fig. 5) for spanwise load dis- 
tributions of figure 37. 

CONSIDERATIONS FROM SIMPLE DYNAMICS 

As was pointed out in reference 5, the fishtail maneuver 
can be assumed to be a flat yawing maneuver so that the 
solution to this problem might be equivalent to that for a 
linear single-spring system. -4 brief review of well-known 
results of the spring system from simple dynamics will there- 
fore furnish a useful background. The curves shown in 
figure 42 (taken from reference 8) apply to the case of an 
external sinusoidal force acting upon the spring system. 

Figure 42 (a) shows the amplitude magnification factor 
plotted against the ratio of the frequency of the impressed 
force to the natural frequency of the system for systems hav- 
ing different ratios of damping to critical damping. In figure 
42 (b) the phase relation between the impressed force and 
the amplitude is presented for the same conditions. In 
terms of what happens in the fishtail maneuvers the follow- 
ing observations may be made from this figure. 

(1) For an airplane with some damping the sideslip (or 
k 

(a) Power on. 
(b) Powor off. 

FIGURE 39.-Variation with equivalent airspeed of the spanwiso center of load on the fln at 
the time of maximum fin load for most serero rudder kicks with power on and power off. 

amplitude) magnification will reach a finite equilibrim value 
even for the case of a rudder oscillation having the same 
frequency a.s the airplane. The amount of magnification is 
dependent upon the ratio of the damping to the critical 
clamping and, of course, upon the frequency at which the 
rudder is dcflccted relative to the natural frequency of the 
airplane. 

(2) The rudder angle (or forcing funct,ion) is out of phase 
with the angle of sideslip (or amplitude) by an amount de- 
pending upon the amount of relative damping. At reso- 
nance, however, the phase relation is always 90°. For 
resonance, therefore, for a perfect fishtail, the rudder angle 
will be zero at the time of maximum sidcslip and maximum 
at the point of zero sideslip. 

It should be noted at this point that these curves could 
have been derived in terms of loads in which case the magni- 
fications of figure 42 (a) would then be expressed in terms of 
load magnific~ation. For the case where the impressed 
frequency is the same as the airplane frequency, in which 
cast the rudder deflection would be zero at the time of 
maximum sideslip (fig. 42 (b)), the expression for the load 
in a fishtail maneuver would become 

ANALYSIS OF TESTS 

The results obtained during the fishtail investigation are 
given in table V. The first eight of these fishtails were 
slightly artificial since the pilot deliberately tried to obtain 
high tail loads, whereas the last four were made in as natural 
and comfortable a manner as possible. 

The first set of qaneuvers was intended to show how 
critical the maneuver could be if the pilot deliberately tried 
to work the rudder control at the same frequency as the air- 
plane frequency in order to reach high angles of yaw. The 
time histories of these maneuvers are presented in figures 43 
and 44 for the power-on and power-off maneuvers made at 
150 and 200 miles per hour, respectively. In figure 45 are 
presented power-on and power-off fishtail maneuvers in 
which the pilot kicked the rudder against the swing at the 
point of maximum yawing velocity. All of these maneuvers 
(figs. 43 to 45) were very uncomfortable to the pilot because 
of the severe pitching which resulted. 
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The second set of tests consisted of the fishtail maneuvers 
in which a different pilot performed a mild fishtail maneuver 
in as comfortable a manner as possible. These maneuvers arc 
presented in figures 46 and 47 at speeds of 200 and 250 miles 
per hour and 300 and 350 miles per hour, respectively. 

A study of the time histories of the fishtail maneuvers 
yields the following deductions : 

(1) The maneuvers in which the pilot was free to coordi- 
nate the controls show that the pitching was very much less, 

(a) Rudder. 
(b) Fin. 

F~Q~RE 40.--Variatian of load per drgrec rudder deflection with dynamic pressure, including estimated maximum loads for load 0” rudder and for load On fin. 

with the result that the maneuver was not particularly 
uncomfortable. 

(2) Within only one cycle of rudder motion the loads 
attain values close to the maximum measured during the 
whole maneuver. 

(3) As the maneuver continues, the load on the rudder 
tends to bear the 90’ phase relation with the load on the fin. 
This result. is indicated in figure 42 (b) for the condition of 
resonance. 



LOADS AND LOAD DISTRIBUTIONS ON THE VERTICAL*TAIL- SURFACES’- DURING RUDDER KICKS AND FISHTAILS 27 

Equivdenf airspeed, K, mph 

(n) Rudder. 
(b) Fin. 

FIGT:RE Il.-Diagwm showing 100ds on rudder and fin plotted against equivnlcnt airspeed. 

(4) The abrupt rudder deflection applied against the maxi- 
mum velocity of swing results in high rudder loads (fig. 45). 
If the rudder is moved against the airplane swing, the phase 
relation of the rudder and fin loads is disturbed so that the 
loads become additive. 

where K, and K2 are determined from the aerodynamic 
characteristics of the airplane and are defined by equation 
(5) of reference 5. 

Frequency of rudder operation with relation to frequency Inasmuch as the period l/fn is a more usual way of plotting 
of airplane.-One of the points of interest in the fishtail tests the airplane response, the data are shown plotted in that man- 
was to note whether, as might be expected, the pilot tends to ner in figure 49. From this figure it is seen that the fishtail 
move the rudder in phase with the airplane frequency. In maneuvers made by the pilot when his actions were unre- 
order to obtain the average rudder frequency for each stricted (symbols with tails) were as close to the airplane 
maneuver, the actual control manipulation was arbitrarily period as, those maneuvers in which he attempted to work 
approximated by a sine function. The rudder control de- the controls at the same period as the airplane. Although 
flections for all 12 runs are shown in figure 48 in nondimcn- the control deflections are irregular, the results indicate that 
sional form; the actual control deflection was divided by the the pilot does tend to work the controls in phase with the 
amplitude of the sine curve used in the approximation of the airplane frequency in performing a fishtail. 

0 

4 
60 

(a) Amplitude magnilkation. 
(b) Phase relation. 

FIOU~E 42.-Curves from reference 8 showing magnification of amplitude for various ratios 
of dampins to critical damping c/c, against the ratio of frequency of impressed force to 
natural lrewency of system I//. and pbnso lag hctween impressed sinusoidal force and 
amulitudc 

motion. The assumed sine curves are also shown. The 
natural frequency fn of the airplane was computed from the 
cxprcssion ,I 
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FIGURE 49.-Period of rudder motion compared with airplane period 
computed for rated power and power off. 

Comparisons between measured and estimated load.- 
A comparison of the measured loads with those computed on 
the basis of the theory of flat yawing (reference 5) is pre- 
sented i.n figure 50, which shows the maximum tail load 
measured per degree of rudder deflection during each run. 
Mean amplitudes of rudder deflection were used to obtain 
the experimental values of load per degree. Also included 
in figure 50 is a line corresponding to the load per degree for 
a control motion in which the rudder was assumed to be 
returned to trim at the time of maximum sideslip. Figure 50 
shows that the loads measured during the fishtail did not 
reach the computed resonant value but were more nearly 
equal to the values given by the equation representing the 
hypothetical U-type control motion. 

LOAD DISTRIBUTIONS 

The fishtail maneuvers, as indicated by simple dynamics, 
yield an angle-of-attack load with rudder at zero deflection 
plus a zero-yaw full-rudder load according to the phase 
relations indicated by figure 42 (b). . 

Figure 51 presents the spanwise load distributions over the 
rudder and fin at various times during the power-on fishtail 
maneuvers of figures 43, 44, and 45. The spanwisc and 
chordwise load distributions over fin and rudder and chord- 
wise load distributions over rib V during the fishtails of 
figures 46 and 47 are presented in figures 52 and 53, respec- 
tively. Figure 54 (a) presents the center of load on the fin 
at the times of maximum loads on the fin during the fishtail 
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FIGURE M.-Variation of maximum measured vertiwsl tail load per degree with dynamic pressure es compdred with computed variation for condition of resonance. 
, variation for one cycle of U-type control manipulation. 

Dashed line represents 
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FIGURE Sl.-Spanwise load distributions over’ the rudder and fin at various times during the power-on fishtails of figures 43,44, and 45. 
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(a) Flight 26, run 1; 1’.=2QO miles per hour. (b) Blight 2G, run 2; Ire=250 miles per hour. 
FIGURE bP.-Spanwise load distributions oror fin and rudder and chordwise load distributions over rib V (see flg. 5) at times of maximum yaw for fishtails of figure 46. 

Also, for illustrative purposes, time histories of the ccnter-of- 
load variation during the fishtails of figures 46 and 47 are 
presented in figure 54 (b). 

CONCLUSIONS I 

The conclusions are grouped under the general subject 
heading from which they were derived. 

First load peak following a rudder kick (deflection load) 
I 

1. The deflection load can be determined with sufficient 
accuracy by the product of the moment of inertia and the 
first maximum yawing acceleration divided by the tail length. 

2. The minimum time used by the pilot to attain the 
maximum rudder deflection at each flight condition appears 
to be a constant. 

3. The deflection load on the vertical tail of the test air- 

plane reaches values close to those for an infinite rate of 
control deflection. 

Second load peak following a rudder kick (dynamic load) 

1. The dynamic load can be determined with sticient 
accuracy by the sum of the component of load necessary to 
balance the unstable yawing moment of the wing-fuselage 
combination in sideslip and the component of load due to 
angular acceleration in yaw. 

2. After the initial rudder kick the return of the rudder 
to trim was, in general, made at the time of maximum side- 
slip so that the load due to abrupt reversal of the rudder 
was superimposed at the time of maximum overshoot load. 

3. A rational approximate formula based upon a U-type 
control deflection satisfactorily expresses the upper limit 
value of the measured dynamic loads for this airplane. This 
formula is in terms of the sideslip-rudder ratio from steady- 
flight results and a magnification factor which considers the 
amount of directiona. damping in the airplane., 
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(b) 
(a) Flight 26, run 3; 1’.=300 miles per hour. (b) Flight 26, run 4; V.=350 miles per hour. 

FIGURE 53lSpanwise load distribut.ions over dn and rudder and chordwise load distributions over rib V (see flg. 5) at times of maximum yaw for fishtails of Egure 47. 

Load distributions 

I. The critical loads on the rudder are associated with the 
deflection load. The deflection load on the rudder is ap- 
proximately equal to the total deflection load on the tail. 

2. The critical loads on the fin are associated with the 
dynamic load on the tail. The upper limit of the measured 

dynamic loads on the fin is satisfactorily expressed as the 
fraction of the total dynamic load which would be carried 
for the rudder at zero. 

3. At the time of maximum fin load the spanwise center 
of load on the fin is 10 percent farther outboard than the 
design air-load distribution. 
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(a) Center of pressure at time of maximum load. 
(b) Time history of center of pressure. 

FICIURE 54.-Spsnwise center of pressure on tin at time of maximum load on An for all fishtail 
manewers against equivalent airspeed and time history of spenwise center of pressure 
during fishtail maneuvers of figures 46 and 47. 

Fishtail maneuvers 

1. The maximum loads measured during the fishtail ma- 
neuvers were no greater than those which would result from 
a hypothetical U-type rudder kick in which the rudder is 
returned to zero at the time of maximum sideslip. 

2. As might be expected, the pilot tends to work the rudder 
in phase with the natural frequency of the airplane. 

3. At resonance the rudder angle and sideslip angle are 
90’ out of phase so that at maximum sideslip the rudder 
deflection is zero and the load is proportional to the sideslip 
angle. 

4. An abrupt stopping action in which the rudder is kicked 
against the swing results in high rudder loads. If the control 
is worked against the airplane swing, the phase relation be- 
tween the rudder and fin loads is disturbed so that the loads 
become additive. 

LANGLEY MEMORIAL AERONAUTICAL LABORATORY, 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS, 

LANGLEY FIELD, VA., April 9, 1947. 
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TABLE I.-GEOMETRIC CHARACTERISTICS 

Wing: 
Area,sqft~..-.---..--~~..----.---.-------..~-...... 236 
Span,ft~~.--~-~...~..~~---................~...~---- 37.29 
Mean aerodynamic chord, ft--- _-._._____._.__... ---~-- 6. 8 
Rootchord,ft--~---------~---...-~~~-~-~-~------~~-~ 9 
Sectionatroot-_---------_----_..._.._--_-.---- NACA 2215 
Sectionattip ____ ---_----_---- ___._._._ z _____ -- NACA 2209 
Angle to thrust line, deg---- ._..._....._.__... ------._ 1 
Dihedral,deg-_.___-.-_----._........._....._..------ 6 
Aspectratio---....-~~--------..........~......------ 5.9 

Engine: 
Type..--.---.~~---.-.-.-~-.-..~.~ . ..-. AllisonV-1710-F4R 
Normalpowerat 10,80Oft,hp _..._.. . ~.~~.---._ 1000 
Propeller gear ratio--------- . .._ . . . ..__. . .._ ~..---.- 2 :l 
Propeller diameter, ft---------- . . . . . . . . . . . . . . . . . . ----- 11 

Flight operation: 
Average weight in flight, lb---_ _ _. . _ _. _ _ __. . . . _. _. _. -L _ 8200 
Average position, percent M. A. C.-- _ _-.. ___--__._._._ 29. 5 

Vertical tail surface: 
Totalarea, sqft___-_-_------- _.___._._.__.__.___ -___ 22.9 
Height above fuselage, ft-----_- _______._.___._._._____ 5. 67 
Fin area (less fairing area), sq ft- _ _. __ - _. . _ -_ __ __ _ _ ___ 9. 18 
Rudder area (including 1.94 sq ft of balance and 0.55 sq ft 

of tab), sq ft..-_--------_--- __________________ -_-- 13. 74 
Distance from c. g. to rudder hinge line, ft- _. _ _ _ _ _ _ _ _ _ - - _ _ 20. 13 
Finoffset,deg_..----------________________________- 0 

Horizontal tail surface: 
Total area, sq ft.------------- ___..._.__.____..._____ 48. 3 
Span,ft___.___.---------------.-.------------------~ 12.79 
Stabilizer area (including 3.54 sq ft of fuselage), sq ft-_- _ _ 30. 86 
Elevator area (including 3.8 sq ft of balance and 1.68 sq ft 

of tab), sqft_--__----------- ______________________ 17.44 
Distance from wing root, L. E. to elevator hinge line, ft- _ _ 20. 0 
Stabilizer set above thrust line, deg _____ __ ___ ____ _ __ __ _ 2 
Horizontal tail above fuselage center line, ft- --- -- -___ __ _ 1. 50 
Maximum elevator deflection (up), deg- _ _______________ 31. 5 
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TABLE II.-STEADY-SIDESLIP TESTS 

Power on 

-5.25 
7.55 

13.30 
-1.75 
-4.30 
-7.05 

2.50 
5. 10 
6.85 

-1.24 
-2.29 
-4.44 

1.41 
2.01 
.34 

-.GO 
-1.05 
-1.05 

::5 
2.20 

.03 
-. 17 
-. 17 

:iZ 
1.33 

--.02 
-. 12 

18 
:48 

-2.50 
1. 10 

-.90 
-.69 

-2.69 
-3.59 

-::i 
-1.37 

-. 72 
-1.32 
-2.12 

-. 12 
-.32 
-.82 
-. 17 
-, 17 
-.47 

.03 
-.07 
-. 17 
--.02 
-_ 12 
-.22 
--.02 

-:E 
-. 12 
-.02 

.08 

.08 

102 
-162 
-!235 

E 
307 

-186 
-286 
-388 

176 
27.5 
418 

-157 
-267 
-377 

171 
267 
331 

-100 
-239 
-342 

1.50 
209 
252 

-154 
-250 
-315 

124 
164 

-169 
-224 

-1 

ii 
-28 

q E 
38 

107 
150 

-19 
-54 
-68 

ii 
143 

-39 
-78 

-114 
39 

1:; 
-34 
-til 
-68 

g 

-49 
-59 

2: 

101 
1::; 

2;: 
249 

-149 
-178 
-241 

157 
221 
350 

-115 
-185 
-234 

140 
197 
225 

-53 
-151 
-212 

113 
148 
185 

-107 
-176 
-221 

1;: 
-132 
-175 

0.156 
-.248 
-.373 

.077 

.159 

-: :;i 
-. 188 
--.261 

.064 
,098 
.147 

-. 057 
-.095 
-. 134 

,038 
,060 
,074 

-. 022 
-.053 
-. 076 

.022 
,032 
,038 -.023 

-. 038 
-.048 

,014 
,020 

-. 021 
-. 027 

-O: E 
--: S3 
-. 015 
-.036 

.024 

.070 

. 101 
--.OQ7 
-.019 
-. 024 

.015 
,029 
.051 

-.oQs 
-. 017 
-. 025 

,009 
,018 
,027 

--.@a5 
-.009 
-. 010 

,007 
,011 
.014 

-.oix 
-.OQ7 

,004 
.OQ5 

0.155 

::g; 
,056 
,143 
.I56 

I: ;;; 
-. 162 

,057 
.078 
.123 

-. 042 
I: g; 

,031 
,044 
,050 

-. 012 
-. 033 
-. 047 

.017 

.023 

.028 
-. 016 
-. 027 
-. 034 

:E 
-. 016 
-. 021 

105.0 
105.0 
103.0 
162.0 
162.5 
164.0 
165.0 

%: : 
217.5 
218.5 
219.5 
217.0 
218.0 
218.5 
277.5 
275.5 
275.5 
277.0 
277.5 
276.5 
339.5 
334.5 
337.0 
337.0 
335.5 
334.5 
379.5 
378.0 
372.5 
374.0 

-11.40 
9.95 

15.90 
-3.05 
-7.15 

-12.00 
5.30 
8. 15 

10.15 
-3.80 
-5.45 
-7.25 

2.70 
3.65 
5.35 

-2.05 
-3.50 
-4.35 

1.15 
2. 20 
3.20 

-1.00 
-1.65 
-2.10 

.50 

.90 
1.10 

-.80 
-1.10 

.55 
. I5 

O: :“oi 
.108 
,045 
,044 
,044 
.043 
,045 
,046 

:E 
,030 
.030 
.030 
,030 
,022 
,023 
,023 
,023 
,022 
.023 
.012 
.013 
,013 
,013 
,013 
,013 
,009 
.M)9 
.009 
.009 

I--------.-.----------. . . .----------- 
8.. ____. --- ___._ _ ___..____....___..__ 
9M-e--- ___.. _____.___...._ __...--__ 

ll.-----...---.....--...---....----.-- 
12.---.-.-.-.---.-...--...... 
13.----..-.-.-.....--..---......-.-.-. 
15--------..-.-.-...--.....---.....-~. 
16....-.....-.-.-...-..--....-.--...-. 
17-.......-..........-....---....---~. 
18..----..............---......--...-. 
19.ee-.-.e.-. ..___.._.....-__......--. 
20 ..____....__ ... _ __...__ ......... .._. 
79. _ ... _ _ .... _ _ _ _. _. .... - _. ..... - - -. 
80 .. _ _ _ _ .... _ ... _ _ _ _ .. _ ............. _ 
81_ .... __ .... .____.__....._.........-. 
82 ... _ _ _ ........ _ _ _ ... _ ....... _ ..... _ 
83 ........... .__._.._.....-......--.-. 
84. .._._ ........ . __..._ ...... ._....._. 
86.e. .._......__._.___....-.......- ... 
87.. ..__...._. .___...._ ..... ._....._. 
88 ..... _.__...__...__.....-......--.-. 
89 . . ..__....__..____ .__......_..... __I 
90 __..._......-.-...--....-.......---. I 

Power off 

100.0 
104.0 
105.0 
105.0 
165.0 
108.0 
158.5 
159.5 
161.0 
164.0 
161.0 
161.0 
218.0 
218.0 
218.5 
218.5 
218.0 
218.5 
219.5 
219.0 
218.5 
219.5 
219.5 
216.5 
159.5 
159.5 
159.5 
159.5 

- 

- - 

-0.30 
-2.35 
-4.05 
-1.85 
-3.85 
-5.35 
-.22 

-1.34 
-1.86 
-1.34 
-1.95 
-3.95 

-. 17 
--.47 

-1.08 
-_ 
-.E 

-1.08 
-. 12 
-_ 51 
-.9B 
-.22 
-. 52 
-, 18 
-. 18 
-. 

; 
-:13 

118 
153 
189 

-96 
-IF0 
-174 

137 
292 
367 

-138 
-230 
-338 

175 
266 
3.52 

-170 
-245 
-345 

140 
259 
343 

-113 
-195 
-246 

22 
i 

:: 

-13 
-28 
-62 

3”; 

4; 
-101 
-128 

iz 
112 

-49 
-92 

-163 

ii! 
138 

-48 
-93 

-145 
37 
73 

108 
-2 

5 
1; 

109 
124 
125 

-73 
-124 
-12G 

1;:: 
217 

-109 
-184 
-248 

118 
169 
192 

-113 
-154 
-212 

86 
160 
193 

-82 
-128 
-143 

-4 
-12 
-14 
-13 

0.201 
,239 
,290 

-. 147 
-. 245 
-. 253 

,093 
,196 
,241 

-. 087 
-. 151 
--.222 

,062 
,095 
.I25 

-.060 
--.087 
-. 122 

.049 
,092 
,122 

-.040 
-. 069 
-. 090 

,015 
,005 
.OOi 
.027 

-0.022 
-. 044 
-. 095 

.040 

1% 
-.026 
-. 068 
-. 084 

,032 
,045 
,074 

-. 017 
-. 033 
-. 058 

,022 
,034 
,049 

-_ 017 
-.033 
-. 051 

,013 
.026 
.039 

-. Gill 
.003 

-.OOl 
-.ooF 

-12.45 
-16.32 
-19.82 

8.28 
13.68 
1G. 13 

-5.60 
1:;: ;; 

5.35 
7.77 

11.87 
-3.47 
-5.82 
-7.52 

2.83 
4.18 
5.43 

-2.82 
-5. G2 
-6.67 

2.08 
3.38 
3.89 

-. 37 
-. li 
-.37 
-. ii 

0.186 

: % 
-. 112 
-. 190 
-. 197 

.050 
112 

:142 
-. 068 
-. 121 
-.163 

.042 
,060 
.068 

-. 040 
-.055 
-. 075 

:E 
,069 

-. 029 
-.045 
I: g; 
-. 008 
-. 009 
-. no9 

-6.08 
-9.78 

-14.03 
5.67 
9.47 

12.22 
-2.28 
-6.73 
-9.80 

4.09 
G. 05 

10.80 
-1.57 
-3.22 
-4.6i 

2.33 
3.48 
5.03 

-1.07 
-2.67 
-3.97 

1.18 
2.48 
3. i3 

--.03 
-. 18 
--.25 

.05 

38.........-.....-.................-.-I 

41..._ _...__...___..__............--- I 
42 ._..._ _...._...___...- -......-- --.I 
44.....-....-.-...-..--...--.-.....--- 
45. _ _ _ _ _ _. _ _ _. - -. -. -. 
46 . . ..__....._. .___.___.._.._.....-__ 
48..........-.-.-.....----....------.- 
49...................................- 
5OL.. ._..__...___..__....---.....---. 
52.....-.....-....-...------------..-- 
53..--.-...-...-....--....-.-......--- 
54..-.-.e.- . .._...___...---.....---..- ( 
5(i...---...--...--.-.--...--.--.....-- 
57...- ._.__ . ..__.___....._.......--.. 
58..........-.-.-.....-.....-.-......./ 

61..-.-.- _..___..___.._..._... . . . ..__ 1 
62 . .._._..__...--..--.....--.......--. I 
ti4......-..........-..-...-....- ... ..- 
65....-..............-....-.- ......... 
66......-.......................~ ..... 
67 .... _ ......... _ _ .. _ _ .... _ ......... _ _ 
68 ........... .__...__ ................. 
69.. ...... ..__...__ ..... .._ ... __...._ _ 
70........-.........-.....---......-- - 

o Initial steady-fiight value (increment rrom wings-level trim). 



TABLE III.-RUDDER KICKS 
- 

Q. 
- 
___ 
_-- 
--_ 
_-- 

1.00: 
. 00: 
00: 

:k% 
.oof 
. 00: 
00: 
00: 

.oo: 

___ 

-_- 

_.. 

_-- 

___ 
_-- 

2: 
.007 
.007 
,007 
.007 

.w4 

.004 

.003 

.003 

__. 

__- 
___ 

--_ 

._. 

.__ 

._. 

.__ 

Alti- 
tude 
m 

AF, 
(lb) 

6, 
de&w 

- 

10, oo( 
10, OCH 
10, OilI 
10, OO( 

-; 
_._ 
_.. 

26.OE 
-73.13 
-45.0: 

93. oc 

-0.224 
.347 
,285 

6,OOC 
6.001 

-131 
12 

6, 001 

6,00( 
6, OO( 
6, oat 

27 
28, 

-27 

6. 44 
6.44 

-7.73 

) ( 
-- 
: 
, 
I 

. 
*I 

rad/see: 
j. 

rad/sec !) ( 
-- 

-0.200 0.082 0.186 
.194 -. 179 --.240 

178 
-:266 

__.._. -.157 
,046 .056 

-57.04 
43.46 

,341 
--.274 

,220 
-.187 

.883 .440 -.364 -. 3i2 -19.33 -.871 -35.c 
16.55 
55.29 

-22.40 

-.435 
--.487 

.514 

-. 298 
-. 319 

.308 
6,OOt 
6,OOC 
6, OK 
6,OOC 

-33: 
-321 

26! 
281 

-4.51 -20.17 .624 ,246 -.22a -. 292 
-4.51 -16.15 .600 .269 --.228 -.30R 

4. 03 35.30 -.652 --.I34 .057 ,127 
3.86 17.22 -.441 --.224 .057 .154 

7, ooc 
5,ooc 
7, WC 
6,000 

-2f 
-f 

3f 

-8.62 -66.48 
7.81 60.85 

-11.50 -116.23 
10.86 86.42 

-: E 
.178 

--.145 

-: :;i 
.194 

-. 178 

K% 
6:OOO 
6, ooc 

-9: 

-._ 

25. 53 124.60 -.417 -.377 
-20.81 -41.99 ,206 .366 

26.02 70.94 --.366 --.422 
-21.46 -184.74 ,274 ,333 

6, HI 
6.000 
6,000 
6, 000 

-10.30 -86.72 
12.08 79.03 

-9.98 -22.61 
9.66 32.65 

6,WO 
6,000 
6,000 
6,000 

-4.83 -42.44 .751 ,269 -.171 -.220 
-4.03 -31.88 

-9.11 
,551 

-1.170 
,224 -.114 

4.90 
-.199 

48.10 -8.29 
--.521 -. 918 

-.235 ,057 
4.51 

.I77 
10.10 7.60 

-.411 
.813 

-.224 .057 .132 6.49 .848 
-391 -20.15 -137.35 ,799 ,588 ,224 

306 17.40 141.47 -. 897 -.441 -.053 
6,000 239 6.76 11.62 -.344 -.280 
6, 000 239 7. 25 53.20 -. 392 -.258 
6,000 -267 -9.66 -3.55 .580 ,381 
6, 000 -276 -9.66 -92.20 .765 ,381 
6,OW 313 9.34 89.47 -.618 -.336 
6,WO -343 -12.08 -99.80 .876 ,482 

6,000 -368 -6.41 -63.24 .a19 ,311 
6,000 339 5.50 68.67 -.866 -.294 

6,000 -420 -26.56 -125.91 ,862 ,661 6, MJ 446 28.17 189.46 -1.065 -. 588 

6,000 
6, 040 

E$iY 

221 10.95 16.94 -.494 -.336 
254 10.95 93.62 -.698 -.358 

-321 -10.47 -58.24 .599 .437 
-313 -9.90 -149.30 ,627 .358 

6,000 304 13.52 109.33 
6, 000 -354 -10.63 -110.88 

-.804 
.715 

.740 
-. 709 

-.414 
.392 

6,690 -420 -6.18 -48.86 
‘5.~ 332 6.41 63.74 

.316 
-.271 

i 
rad/sec 

-- 
loo. I 
106. I 
101. I 
100. I 

198. 
198. : 

203.1 

199. ! 
203.1 
202.1 

296.! 
298. ! 
297. I 
296.1 

loo. ( 
100. ( 
102.: 
101. ( 

101. r 
101. c 
100. c 
101. c 

200.0 
192.0 
197.0 
203.0 

294.5 
295. 5 
299.5 
299.8 

157.5 
164.5 

204.0 
198.5 
197.5 
198.5 

199.0 
198.5 

249.5 
299.0 

159.0 
154.0 

198.0 
100.5 
(97.0 
200.0 

198.0 
169.5 

BO. 0 
188. 5 

AN,, 
(lb) 

____. 
138 

-21: 

60 

-188 
-169 

188 

155 
-g 
-80 

_____ 

AN, 
(lb) 

__.__ 
2% 

-2 

613 
-426 

880 

ZE 
790 

1458 
1400 

-1185 
-1067 

-_.-_ 
-_--_ 
---__ 
_____ 

-____ 
_____ 
---__ 
_____ 

-g 
540 

-@I7 

1539 
1150 

-1077 
-1111 

1220 
-975 

-835 

-E 
898 

-Eli 

1235 
-990 

1050 
-830 

-832 
-775 
1010 
847 

-920 
975 

1085 
-1018 

- 

:I ( 
-- 

T - 

:2) 

-- 

- 

-- 

- 

-- 

I 
1 
, 

I 

- 

$2 
(rad/sec 

AN/,, 
(lb) 

Ahi,, AN., 
(lb) 

ANr2 
(lb) (lb) 

8.56 
-4.97 -0.345 

______ 
__... 

3o.c 
-5l.C 
-43.c 

64.C 

-- 

I 
I 
I 
) 

I 
I 

I 

, 
I 
I 

, 

115 112 
-150 -196 
-70 -123 
155 216 

__--- 
13( 

-3; 
-.203 

,054 
-. 238 -9.94 -.456 -55.c 

,145 5. 52 ,204 15. c 
-187 

159 
-193 

138 
45: 

-49f 

-418 -435 81( 
.075 .155 

107 
-:268 

186 
-: 295 

13.53 
_.-.. 

.725 10. c 

.736 42.0 
-. 659 -20.0 

373 305 
350 332 

-182 -230 
z 

731 

-8.84 
-9.11 

22 

-1.137 
-1.082 

,877 
.798 

-80.0 
124.0 
1O.D 

-15.0 

-460 
-504 

368 
332 

-z 
370 
250 

1115 
1297 

-1135 
-1116 

--.020 
.031 

-. 010 
,031 

-. 009 -6.91 ______ -30.0 
.034 5.39 __---_ 17. 0 

-. 018 -8.29 ___.__ -24.5 
,046 6. 63 __--__ 36.5 

-68 

-2 
85 

-95 
95 

-107 
117 

--___ 
-____ 
-_-__ 
_____ 

,092 
0 
.056 

,110 -6.91 
-. 012 -11.60 

.109 12.49 

.017 -8.01 

61.0 184 239 -____ 
-30.0 -131 -153 ____- 

27.0 180 199 _____ 
-46.0 -154 -189 _____ 

_____ 
_---- 

____.- 
___._. 
______ _____ 

--.214 -. 201 -10.78 _---.- -53.0 -398 
.096 .283 

-445 
15.74 _.._._ 90.0 t 352 

-.182 ,173 
405 

-10.50 __..__ -25.0 -351 -305 
,075 ,140 12.71 ___.-- 32.0 293 308 

592 

-z 
-708 

2 
-135 
-101 

-15.0 -468 -435 1405 173 
27.0 -305 -265 1033 217 
30.0 318 300 -975 -59 

-10.0 284 190 -1070 -86 
-. 297 -27.98 --.728 -142.0 -258 

,456 -420 
20.48 .740 415.0 125 495 

1148 
-915 

112 
-55 

.120 

.137 
-.200 
-.177 

.143 
._.... 

-.085 
.085 

.192 
-.043 

.103 

.114 
-.057 
-.057 

.125 
_..._ 

-.075 
.043 

167 
:218 
,292 

-.283 

13.44 .566 18.0 
12.60 .589 65.0 

-14.84 -.652 -49.0 
-18.20 -. 669 -77.0 

3”: 
-370 
-452 

-813 
-728 

870 
843 

-ii 
-8 
31 

,222 14.70 
-.215 _..._ 

.580 13.0 220 345 -872 -40 
-.730 -115.0 -510 -648 1020 -45 

.263 -9.56 -. 930 -20.0 -475 -455 

.294 1255 
9.56 

-El 
.720 90.0 597 640 -1180 152 

.297 -29.76 -. 987 -85.0 -460 -540 
,353 1095 

29.76 ,678 
-25 

135.0 528 630 -W 33 
--.406 16.80 .621 27.0 
-.363 15.68 .5m 102.0 
-.699 -14.56 --.863 -50.0 
-.046 -12.60 --.643 -57.0 

286 

-E 
-301 

:ti 
-300 
-358 

-808 
-761 

862 
750 

,261 20.72 .651 103.0 
-.215 -16.80 -.847 ~100.0 

-.305 -9.56 -.773 -65.0 
-.315 9.56 .693 77.0 

395 
-385 

-455 
450 

-% 
-1012 

!a0 

-395 1215 
422 -1163 

-30 
-14 
139 
115 

3 

-130 
155 

CL&) 

“2 
.95 

1.10 

1.55 
2.10 

.70 

:E 
1.00 

1: 
.55 
.70 

$s 
i:sO 
2.40 

3:4 
‘$33; 

.85 
1.00 

>l:Z 

. 95 

:Z 
.45 

1.20 
1.60 

1.10 
1.20 

:E 

.70 

.55 

.35 

.50 

1.40 
1.10 

:2 

:E 

.70 
1.05 

>3.20 
>2.70 

Flight RUI 

--_ -- 

( 

-- 

; 
7 

t 
I 

I 

; 

___ ___ ___ 

LO61 
.06: 

.05i 

.03: 

.03i 
,032 

. OlE 
,018 
. OlE 
.01e 

_.. 
-._ 
_-. 
_.. 

___ 
--_ 
___ 

,047 
,043 

,057 
,061 
,062 
,061 

,032 
,032 

018 
,018 

.__ 

._. 

.__ 

._. 

.__ 

..- 

.__ 

- 

Rated... 0 
Rated... 0 

Rated... I O 

off ...... 0 
Off ...... 
Dff ...... 0” 
off ...... 0 

h...... 21.00 
In....- -15.40 

Rated... -4.80 
Rated... -5.20 
Rated... 5.30 
Rated... 4.00 

In...-.. -8.70 
h--. 7.00 

In.-.-.. 4.50 
In...... -4.00 

)ff...... 19.97 
)ff ._____ -15.65 

)ff....- -4.03 
NT...... -5.00 
Mf...-.e 5.40 
)ff..-. 5.10 

)ff.....- -8.55 
)ff.-e..e 5.80 

)ff..--ee 5.w 
)ff...... -4.75 

0 Initial steady-flight value (increment from wings-level trim). 
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TABLE IV.-RUDDER KICKS (IN WHICH NO LOADS WERE MEASURED) 

de&ec 
--. 

. . 
*I 

:rad/sec 
-- 

IL. 
rad/se 

e 
[rad/sec 
_- 

0.17 
-.34 

-2; 
-.25 

-79.5( 

-‘E: ii 
18.0: 

.31 

-:Z 
-.54 

--.26 

-:E 
. 10 

-35.31 
10. 7( 

-19.8: 
-65. 8: 

23.91 
53.9: 

.m 
-.19 

:E 
-.42 
-. 50 

__..__ 

-.21 
.03 

--.32 
--.47 

.OB 

.06 

35.1: 
41.81 

-46.3( .42 

.G7 -, 25 

-37.10 
-22.61 

26.80 
8. 15 

.541 
-: :g 
-. 278 

-. 16u 
-. 16C 

,057 
06E 

.57t 

11. 23 
-18.80 
__-._. 

93.85 
-125.23 

--.OC 

:% 
-. 19: 

,326 

-. 12: 
.24x 

161 
-. 17t 

t27: 

-133.98 
161.48 
66.54 

-63.46 
102.03 

.33C 
-.33i 
-. 21t 

.21’ 
-. 21s 

.26( 
--.22i 
-. 18 
-:g 

-150.03 .30! 

-6: 2 
-26.43 

25.78 
39.39 

.21: 
-. 24: 

22: 
-.24i 
-.25~ 

.25( 
-. 2z 

.27( 
-. 261 
-. 271 

.33! 
-. 251 

. 17: 

. 271 
-. 271 

.26( 

-il. 85 
45.46 

3 ii 

-97.65 

.38I 
-. 25; 

-:Ei 
_...__ 

.73( 

-. 0% 
.02C 

-. 08: 
OlC 

__.___ 
-. 23: 

-26.28 
17.48 

-63.79 
33.97 

-63.12 

.36! 
-. 44: 

47t 
-. 52! 

,581 

-. 1% 
,054 

-.26E 
,054 

-. 21i 

-io. m ._-_. -.257 

-14.04 ,336 ,140 
-16.42 ,403 168 

23.26 -.399 -. 157 
12.50 -.404 -. 213 

-39.62 .52G .I68 

-.308 
-.347 

,420 
.336 

--.086 

22.26 
71.89 

-71.54 
-82.40 

-. 382 
-. 510 

757 
:W6 

: ::: 
-. 171 
-. 114 

;I 
‘rsd/seca 
--- 

(d%) 
-- 
-4.28 
____- 
-3.31 
11.32 

8.29 

-. 217 -9.52 
-. 217 -9.11 

.194 13.81 
,203 15.19 

-. 196 

--: iti 
-.4&x3 

.I80 

.136 

-8.98 
4. 14 

_..__ 

,156 15.19 
,215 16.85 

-. 272 -15.47 

-. 369 -13.43 

-.m9 -7.60 
--.204 -7.32 

.143 6.35 
106 5.80 

-. 258 -5.80 

,033 6. 62 
-.OQ7 -8.84 
-.cO4 -9.11 

,062 7. 18 
-.M)7 -8.29 

--.049 
,096 
,045 

-. 021 
,031 

-9”: 3399 
5.52 

-6.91 
6.91 

-10.50 

-. 013 -8.84 
.043 6.08 

-.024 -9.67 
.043 11.05 
,074 8.29 

-_ 019 -6.91 
,063 12.98 

-. 010 __--- 

-:E 
-. 059 

,024 
--.oos 
-_ 218 

-. 192 
-:g 

188 
-: 261 

-8.15 
6.91 

-8.01 
5.80 

-13.26 

-9.67 
7. a7 

-10.50 
6.91 

-12.15 

-. 314 

-. 150 
-. 131 

: :i 

-. 152 

11.88 

-6.21 -.32u 
-6.91 -. 777 

5.94 ,460 
6. 49 ,726 

-8.56 -1.117 .@a 

12.60 
13.72 

::I p: 

6a ______ ._______.. 

- - ~- - 
:ur V. 

mph 1) POW?% 
-_ -- _---- 

1 ! Oil _____---___.--- 
I 1 Oil.-.-.-.-----.. 
? I OILem- ______ ____ 

i 
I On- ____.--___..-- 
I On... ____._____.. 

I I Rated __.____...__ 
: I Rated _.__.____... 

I Rated ______..____ 
4 I Rated ._... _ __.... 

1 
I 

Rated ______ -.-.__ 
Rated __..____.... 

- 
Flight 

__----- 

8 .._.___. ___.__... f ; 
Rated ..__._..__.. 
Rated __.._ _ _..... 

L I 
Rated.. __.__ __.. 
Rated ______._..__ 

8e ._..__. _...._... 

8b. _ _ _ _ _ _. 

3. 11 
.12 

12 
: 12 
.12 

.48 

.48 

.48 

.48 

:3 
.06 

:E 
.OG 

:% 
.06 

.03 

.024 
,024 
,024 
,024 

,024 

4 _ _ _ _ _ _. - -. - - 

4&................ 

4b .___...._..._.. _ 

5 I-.--.. . . . . . . . . . _ 

1 
i 

Rated.... ._____.. 
Rated ______... -._ 

1 Rated . . . ..___.... 

) On ._....___. ..__ 

2 
h _..____._. __.. 

I 3n .__.._____ --..- 
3 In ______... ._... 
4 I 3n..e.-.e.e-..--. 

5 ( 3n....-.-...-.-.. 

:: 
XT _____..._. _..... 

I Ix.... .___... .__. 
3 ( 3ff ______...__..... 
4 ( x.... ..__ -...-._. 
5 ( 3fLe. ___..___..... 

; 
3ff _____ . ..__... 

I 3ff __.. __ _. ..___.. 
3 3ff ____..____...._. 

i 
1 x-i... __ _. .____.. 
( 3ff ____...__.... -_. 

5 ( 3ff .__..__. -.- .__.. 

k 
( 3B.-. .__...____... 
( xi ____ ._.__ --.-_. 

3 ( 3ff __.___.. .____.. 

‘i 
( 3ff _____.___. . .._. 
( 3ff ._.___... ____.. 

Ii 
( off... __ .___..... 
, off..-.-.-.- ..____ 

7 ( 3ff ______.____..... 

i 
( 3ff _____..-__....-. 
( off .__.____. __.... 

3 , Off _.___..-__.. 

: 
( Off... __ _. _. ._.... 

! ( Off ..__..._......_ 
6 I off. _. _ _. _. _. 

: 
, Off.. _....._..... 
, Off . . . .._._...___. 

3 ( Off ____...___..... 
4 / 1 Off . . ..__._.. . . . . 
: , 1 Off ____....__..... 

1 ( )ff ____.._. . . . ..__ 

it 
( )B . . ..____....__.. 

)ff ._____._____.... 

ii 
: )ff.. _. .._.. ___. 
( HT... . __. . . . . . . 

5 ( )ff ____...___...... 

: 
( h ___. ..__ --..-_. 
h _..__.. . .._.... 

i 
: h. _ _. __ 
( hl............... 

- - - 
D Initial steady-flight value (increment Irom wings-level trim). 

is __..._ -.- ._...__ 

11... ._ ..- -- .- 

llS....-.-.-....... 

12.-. _.. . ...---.- - 

__. 

__. 

__. 

. . . 

_.. 

_.. 
_.. 

___ 

__. 
--_ 

___ 

_._ 

_.. 

_.. 

_.. 

_._ 

_.. 
_-. 
_._ 

,033 
.033 
,033 
,033 

- 

0. 
- 

I.00 
.m 

:: 
.oo 

.02 

.02 

.02 

.02 

:E 

:E 

:: 

:% 
.oQ 

.oo 

,004 

:E 
,004 

.004 

-_. 

--_ 

-._ 

_.. 

-_. 

_.. 

___ 

-_. 
_. 
___ 
_-- 

_.. 

,004 
.004 
,004 
.004 

. . 
$2 

radlscc: 
-- 

__..__ 

-0.28: 
-. !a! 

.52( 

.56: 

--.33: 
-: g; 
-.80! 

,851 
.66‘ 

____-_ 

-. 95; 

-. 74: 

-. 870 
-. 874 

t762 
.683 

-. 678 

______ 

--.344 
.231 

--.305 
.167 

_..-_. 
--.@I3 

-. 664 

-. 612 

-. 921 

,504 
.597 

-. 621 
-. 574 

Ah 
(lb) 

-- 

--21 

-; 
-4 
__- 

-267 

-g 

70 
-59 

_._ 
89 
51 

-42 
59 

-77 

-140 
180 

-157 
202 

-15s 

_.. 

-205 
-218 

190 
223 

1.90 
2.05 
1.65 
1.50 
.70 
.8n 

.80 
1.00 
1.30 

.50 

3% 

‘2:;; 

3: :: 
1.55 

1.30 

.85 

g%Z 

1.50 
>;: g-j 

1. 55 
__.-- 
>l.OO 

>% 

>‘:ii 
1.00 

>l. 10 

1.40 

1:: 
.80 

.62 

:Z 
.70 

-6.64 
8. 1: 

-4.8: 
11.01 
7. 1, 

-8.3 

-:t:i 
17.7’ 

3.8 
2.91 

-8. 5: 
-13.0 

7.01 
7.4 

7. 7: 
8. G! 

-6.9: 

5.69 
-7.80 
_..__ 
14.2.3 

-14.47 

-15.M 
24.07 
13.50 

- E: i: 

-21.46 

-21.48 
I:;$ 

-9.43 
7.8C 
7. 9i 
6.88 

-17.07 

-8.0: 
8.3; 

-8. 8f 
9.01 

-9.34 

-3.38 
-3.22 

3.38 
3.8G 

7.08 
8.69 

-9.66 
-8.37 

TABLE V.--FISHTAIL MANEUVERS 
[Altitude, 6000 rtl 

Speed Initial Mean Max. load MlX. Mar. 
Power 

6% 6% flrs~lFe :“1$ 
rudder 5: Flight Run (mph) load load Remarks 

(lb) (lb) 
__--- ~ -~-- ___----- --_- 

{;::-: 
150 On....-......-...- 8.0 9.0 --6oO -670 -1Ml Attempt to maximize loads (high side- 16-.- ____.__..- 151 Off . . . . ___...___. 13.5 14.0 -450 570 } slip amplitude). 

I...-.. 151 Rated............. -11.5 11.0 960 1070 
-:z Ig 

13.0 11.5 -780 -1070 -300 -790 Attempt to maximize loads (rudder 18s.e...-..---- i 2..-... 
154 Rated... .___. ..__. 

3------ 151 off ______._.___...- 16.0 
4...-.. 153 Off . . . . .._ _ _..__... 4;:; 11.0 

4: -E 350 
270 

-E 1 kick against swing). 

25*..........-. {;::-::: ::; gy::::::::::::: :::“z ‘7:: 880 -12M) -290 Attempt to maximize loads (high 
1000 1130 280 > sideslip amplitude). 

zl Rated Rated .._.____..... ____ _ . . .._... -6.5 -3. 1 3. 2. CKl 15 580 470 640 -840 E% -ml -200 -i -290 210 -760 E Natural mild flshtail. ;g Rated Rated .._. ._.__...___.. ____. _ -2. -2.2 3 1.65 1.50 2 



Positive dire&ions of axea and a&lea (forces and niomentt~) are rrhowp by arrowa 

Moment about axie 

Positive 
dire&ion 

, 
Angle I Velooitiea I 

Absolute coefiicients of mGment -- 
L Oi=Fs c”=-g 

. (ro~f$ (pitchmg) 

Angle of set of control surface (relative to neutral 
position), b. (Indicate surface by proper subscript.) 

. . 

I / 4. PWPELLEB SYMBOLS 

D Diameter 
UP k 

P Geometric pitch 
PlD Pitch ratio 

Power, absolute coefficient o’=m 

V’ Infiow velocity 0. Speed-power coefficient = 
6p’ 

V, Slipstream velocity 
J 

-. 

rl E&ienci 
T  Thrust, absolute coefficient OF=----& 7L Revolutions per second, rps 

Q Torque, absolute coefficient Ce=--& cp Effective helix angle= tan-’ 

_ I . ‘, _‘._ % :..-::.I. ,.,,: . _.. , _ ..,. .., -. ,... ._ -., 
5. NUMEBICAL BELATIONS 

\ 
1 hp=76.04 kg-mj’s=550 f t- lb/set 1 
1 metric horsepower=0.9863 

lb=O.4536 kg 
hp 1 

1 mph=O.4470 
kg=2,2046 lb 

mps 1 m i=1,609.35 ft 
1 mps=2.2369 mph 

m=5,280 
1 m=3.2308 ft 


